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Introduction
============

Poor vision is the most common impairment affecting school aged children in the developing world, comprising 48% of all disability among children aged 5 to 9 years in the India census of 2001.[@ref1] The leading and most easily remedied cause of visual impairment (visual acuity \<6/18) among children is refractive error, affecting 12.8 million children aged between 5 and 15 years, half of whom live in China.[@ref2] Spectacles provide a safe and inexpensive treatment. Several studies report that children with uncorrected refractive errors have lower scores on a variety of motor and cognitive tests,[@ref3] [@ref4] [@ref5] [@ref6] and that improvements in reading may occur when vision problems are corrected.[@ref6] [@ref7]

However, the relation between academic achievement and refractive error may be complex. Hyperopia (far sightedness), causing difficulty in seeing close objects, is more likely to cause reading problems and is the focus of many studies of refractive error and school performance.[@ref5] [@ref6] Myopia (near sightedness) causes difficulty in seeing distant objects and is more common in school aged children, particularly in Asia.[@ref8] [@ref9] [@ref10] Myopia is responsible for more than 90% of poor vision among children in China.[@ref8] [@ref9] Prevalence of myopia may exceed 60% in rural areas[@ref9] [@ref11] and 80% in ethnically Chinese urban populations,[@ref12] and two thirds or more of rural Chinese children with myopia are without accurate correction.[@ref13] The high prevalence of myopia among Chinese children seems to be due in part to high levels of near work related to school and limited time spent outdoors.[@ref14] Barriers to accessing refractive care include cost and poor quality of available glasses and lack of knowledge about myopia and the benefits of its correction.[@ref15]

It also seems that higher scholastic attainment is associated with risk of myopia.[@ref14] Thus, the directionality of cause and effect between myopia and school performance is unclear. Myopia will not cause difficulties with near reading except in extreme cases, but it could prevent material on a blackboard from being clearly seen. A recent review of school vision screening practices found no randomized trials examining the impact of correcting myopia on school performance.[@ref16] Such trials are needed owing to the scope of the myopia problem; the effect of myopia on classroom learning is not well understood, and the randomized controlled study design can clarify any causal association between the correction of myopia and school outcomes.

We carried out a cluster randomized, factorial design, controlled trial in rural western China to evaluate the effect of teaching about the value of glasses and providing free spectacles on rates of glasses wear and school performance. Cluster randomization was used because of the difficulty of assigning children to different interventions at one school. We hypothesized that education promoting the wearing of glasses aimed at school children with correctable refractive error, their teachers, and parents, and providing such children with free spectacles, would increase children's glasses wear (intermediary hypothesis) and improve their academic performance (main hypothesis).

Methods
=======

Setting
-------

The study was carried out in two neighboring areas of western China. Tianshui prefecture is a deprived area[@ref17] in one of China's lowest resource provinces,[@ref18] Gansu. Yulin prefecture is a relatively affluent area,[@ref19] in middle income[@ref18] Shaanxi province.

Sampling and eligibility criteria
---------------------------------

We obtained a list of all 435 primary schools in the two prefectures from local education bureaus. For logistical reasons we excluded those with fewer than 50 or more than 150 students in the fourth and fifth grade combined (19% of sample frame). This is because screening at the larger schools could not be reliably completed in a day, which would have interfered with the screening schedule, whereas smaller schools would be expected to have fewer than 10 children requiring glasses, below our power requirements. We randomly selected one school from each township in the sample, and within each school we randomly selected one class in each of the fourth and fifth grades (likely age range 9-12 years). Children at the 252 selected schools were eligible if they had an uncorrected (without glasses) visual acuity of ≤6/12 in either eye and their refractive error met the cut-offs shown to be associated with significantly greater improvement in visual acuity when corrected[@ref20] (myopia ≤−0.75 diopters (D), hyperopia ≥2.00 D, or astigmatism (non-spherical refractive error) ≥1.00 D); and visual acuity could be improved to \>6/12 in both eyes with glasses.

Questionnaires
--------------

At baseline (September 2012, beginning of the school year), enumerators administered questionnaires to children on age, sex, glasses wear, awareness of refractive status, belief that wearing glasses harms vision (a common misapprehension in China[@ref13] [@ref21]), boarding at school, and parental migration and education. A parental questionnaire asked about ownership of 13 selected items as an index of family wealth. Mathematics teachers were asked to state whether the blackboard (potentially not clearly seen by myopic children) was used for all, most, about half, little, or none of teaching.

Visual acuity assessment
------------------------

Children underwent baseline visual acuity screening at school by a nurse and trained assistant. Visual acuity was tested separately for each eye without refraction at 4 m using early treatment diabetic retinopathy study charts[@ref22] (Precision Vision, La Salle, IL) in a well lighted, indoor area. These charts are preferred in vision research because of regular progression in letter size and uniform spacing between lines. The measured visual acuity is based on the precise number of letters read and thus is more accurate and repeatable than with Snellen charts employed in routine clinical practice.

If children correctly identified the orientation of at least four of five optotypes on the 6/60 line, they were examined on the 6/30 line, then the 6/15 line, and then line by line to 6/3. We defined visual acuity for an eye as the lowest line on which four of five optotypes were read correctly. If the top line could not be read at 4 m, the participant was tested at 1 m and the measured visual acuity was divided by 4.

Refraction (measurement of glasses power)
-----------------------------------------

Children with uncorrected visual acuity ≤6/12 in either eye underwent cycloplegia (paralysis of accommodation (focusing at near) accompanied by pupil dilation) with up to three drops of cyclopentolate 1% in each eye after anesthesia with topical proparacaine hydrochloride 0.5%, to prevent inaccurate refraction. Children then underwent automated refraction (Topcon KR 8900, Tokyo, Japan) with subjective refinement by a local refractionist, previously trained by experienced optometrists from Zhongshan Ophthalmic Center.

Randomization and interventions
-------------------------------

This was a cluster randomized, factorial design, controlled trial, with schools as the clusters. In October 2012, after the baseline survey and vision screening but before refraction, eligible children were randomized by school to receive one of three interventions:

-   Free spectacles, based on the child's measured refractive power and dispensed at school by the study optometrist. A letter with information about the free glasses program and including the child's prescription was sent to parents. Eighty four schools were allocated to the free glasses group.

-   Vouchers bearing the child's name, school, and glasses prescription, exchangeable for free glasses at the local county hospital, at a median distance from children's townships of 30 km (range 1-105 km). Parents were responsible for paying the transportation costs. Vouchers could not be exchanged or sold, and students were required to produce school identification to redeem them. Children whose families did not redeem their vouchers received free glasses at study closeout, though this was not previously announced. Eighty four schools were allocated to the voucher group.

-   A glasses prescription and letter to the parents informing them of the refractive status of their child, with free glasses provided only at closeout, although this was not previously announced. Eighty four schools were allocated to the control group.

Within each group, schools were randomized in October 2012 to receive an educational intervention promoting spectacle wear (education group) or no education. There were six groups of 42 schools in this 3×2 factorial design. Schools were stratified by three variables, information on which was collected during the baseline survey and screening: county; the total number of students in grades 4 and 5; and the number of students failing vision screening in grades 4 and 5. Within each stratum a school was randomly assigned to one of the six treatment arms. Stratification and random assignment were carried out at a central location (Stanford University, Stanford, CA) using R software (R Foundation for Statistical Computing, Vienna, Austria).

Participants (students, parents, and teachers) and enumerators were not informed of either the overall design of the study or the explicit treatment arm assignment. Participants were told only that this was a study of vision care among rural, school aged children. Only one school was selected in each township, minimizing the possibility of cross arm communication and contamination.

Educational intervention
------------------------

Children at education group schools watched a 10 minute documentary style video and were given a booklet of cartoons, followed by a classroom discussion led by study staff. All children in the selected classes, regardless of vision status, participated. These materials showed children experiencing the benefits of glasses and teachers explaining that glasses do not harm vision. Teachers and parents viewed a presentation at school on the safety and benefits of glasses, accompanied by a brochure with similar information, and posters with similar content were hung in classrooms. All materials delivered to children, teachers, and parents were designed to convey the same set of messages: that myopia is common in China, that glasses provide the safest and most effective treatment of myopia for children, and that wearing glasses does not harm children's eyes. Study staff returned in December 2012 to reinforce these messages, which were based on previous research in rural China.[@ref13] [@ref21] [@ref23]

Outcome assessment: mathematics test and glasses wear
-----------------------------------------------------

Separate mathematics tests appropriate for children in the fourth and fifth grades were administered on printed paper by research staff at baseline and closeout (May-June 2013: end of the school year). Local educators assisted with the selection of questions from items developed for the Trends in International Mathematics and Science Study (<http://timss.bc.edu/home/pdf/TP_About.pdf>). The examination was timed (25 minutes) and proctored by two study enumerators at each school. Mathematics was chosen for testing to reduce the effect of home learning on performance and to better focus on classroom learning. At closeout, spectacle wear was assessed through unannounced direct examinations. Children also described their own spectacle wear as "always," "only for studying," or "usually not worn." Study staff were masked to group assignment.

Sample size
-----------

Using Optimal Design software,[@ref24] we determined that a sample size of 252 schools with a minimum of 10 students for each school conferred 90% power, with an α of 0.05, intraclass correlation of 0.15, and explained variation by covariates (R^2^) of 0.50, to detect a difference of 0.20 standard deviations in endline math score between intervention arms and the control group.

Statistical analysis
--------------------

We standardized baseline and endline math score for each grade separately to give a mean of 0 and SD of 1 among control group children at baseline. Baseline wear of glasses was defined as having glasses at school. We calculated family wealth by summing the value, as reported in the *China Rural Household Survey Yearbook* (Department of Rural Surveys, National Bureau of Statistics of China, 2013), of items on the list of 13 owned by the family. Refractive power was defined throughout as the spherical equivalent---that is, the spherical power plus half the cylindrical power.

All analyses were performed using Stata 12.0 (StataCorp, College Station, TX), calculating robust standard errors to adjust for clustering by school.[@ref25] We compared randomization groups by intention to treat using multiple linear regression, with endline math score as the main outcome for the main hypothesis and intervention arms and baseline math score as covariates. Other baseline variables were investigated as predictors for math score, with the final model including intervention arms and variables associated with baseline math score at P≤0.20. For the intermediary hypothesis on glasses wear, the primary outcome was observed wear at closeout and the secondary outcome was self reported wear ("only for studying" or "always," compared with "mostly not worn"). For intention to treat analyses with wear as outcome, we used generalized linear models with Poisson regression to estimate the relative risk for intervention arms, adjusting for baseline wear and other covariates. We used one way analysis of variance to estimate the intraclass correlation coefficient as a measure of clustering of endline math score and glasses wear within school.

Missing data
------------

To satisfy the requirements of intention to treat analysis that all enrolled children should be included in analyses, we carried out imputation of missing data: we imputed age (n=3) using the grade specific mean age. Missing data for spherical equivalent refractive error (n=2) were replaced by the median spherical equivalent for the associated level of visual acuity, and missing data for boarding at school at baseline (yes/no) (n=3) were replaced by the data for boarding at school at endline.

We used multiple imputation in Stata as described previously[@ref26] to impute several data at baseline: math score (n=1), outmigration of father (n=24), outmigration of mother (n=41), family wealth (n=145), education level of father (n=14), education of mother (n=23), and awareness of being myopic (n=20). Data imputed at endline were math score (n=125), self reported wear of glasses (n=123), and observed wear of glasses (n=123). We used linear regression for continuous variables, logistic regression for binary variables, and ordinal logistic regression for ordinal variables. For each variable we used different models, selecting the independent variables based on predictive value and availability of data. The multiple imputation approach created 20 copies of the data in which missing values were imputed by chained equations.[@ref26] Final results were obtained by averaging these 20 datasets using Rubin's rules, which ensured that the standard errors for all regression coefficients took into account uncertainty in the imputations as well as uncertainty in the estimation.[@ref26]

Results
=======

Among 19 934 children screened at 252 selected schools, 4839 (24.3%) failed visual acuity screening and were randomized (figure[](#fig1){ref-type="fig"}). A total of 3177 (65.4%) children in 251 schools were eligible for allocation (visual acuity improving with refraction); one school was excluded because there were no children at that school that met the inclusion criteria. The voucher group had lower baseline math scores than the control and free glasses groups. Tables 1[](#tbl1){ref-type="table"} and 2[](#tbl2){ref-type="table"} show the distribution of various factors between groups at baseline. The supplementary figure shows the distribution of refractive power among children allocated in the trial.

![Enrolment and progress of children through study](max019598.f1_default){#fig1}

###### 

 Baseline characteristics of 3177 children with correctable refractive error by group assignment. Values are numbers (percentages) unless stated otherwise

  Characteristics                                                                      Control group (n=1036)   Voucher group (n=988)   Free glasses group (n=1153)
  ------------------------------------------------------------------------------------ ------------------------ ----------------------- -----------------------------
  **Individual level**                                                                                                                  
  Mean (SD) age (years)                                                                10.5 (1.1)               10.5 (1.1)              10.5 (1.1)
  Male sex                                                                             517 (49.9)               474 (48.0)              563 (48.8)
  Wearing glasses at baseline\*                                                        144 (13.9)               138 (14.0)              181 (15.7)
  Gansu residence                                                                      397 (38.3)               356 (36.0)              405 (35.1)
  Mean (SD) refractive error (diopters):                                                                                                
   ≤−2                                                                                 410 (39.6)               374 (37.9)              431 (37.4)
   ≥−2 to −0.5                                                                         561 (54.2)               548 (55.5)              665 (57.7)
   ≤−0.5 to 0.5                                                                        18 (1.7)                 17 (1.7)                10 (0.9)
   ≥0.5                                                                                47 (4.5)                 49 (5.0)                47 (4.1)
  Mean (SD) uncorrected visual acuity \<6/18 in eye with better vision                 602 (58.1)               525 (53.1)              686 (59.5)
  Mean (SD) baseline standardized mathematics score                                    0.23 (1.01)              0.14 (0.98)             0.28 (0.98)
  One or both parents with ≥12 years of education†                                     211 (20.4)               175 (17.8)              262 (22.8)
  Family wealth‡:                                                                                                                       
   Bottom third                                                                        333 (32.2)               351 (35.6)              368 (31.9)
   Middle third                                                                        373 (36.1)               328 (33.2)              355 (30.8)
   Top third                                                                           328 (31.7)               308 (31.2)              430 (37.3)
  Boarding at school                                                                   235 (22.7)               183 (18.5)              286 (24.8)
  Both parents out-migrated for work§                                                  115 (11.1)               103 (10.4)              109 (9.5)
  Blackboard use in class:                                                                                                              
   Little or none                                                                      277 (26.7)               260 (26.3)              456 (39.6)
   Half of time                                                                        439 (42.4)               398 (40.3)              362 (31.4)
   Most or all of time                                                                 320 (30.9)               330 (33.4)              335 (29.1)
  **Cluster level**                                                                                                                     
  Grade level (mean No/cluster (SD)):                                                                                                   
   Fourth grade                                                                        5.0 (3.4)                4.6 (3.7)               5.5 (4.8)
   Fifth grade                                                                         7.3 (4.5)                7.3 (4.8)               8.3 (5.3)
  Uncorrected visual acuity \<6/18, in eye with better vision (mean No/cluster (SD))   7.2 (4.7)                6.3 (5.0)               8.2 (6.1)

\*Defined as having glasses at school at baseline, having previously been told to bring them to school.

†Data missing for seven students.

‡Data missing for three students.

§Data missing for eight students.

###### 

 Baseline characteristics of children with correctable refractive error allocated in trial, by group assignment with regard to the educational intervention. Values are numbers (percentages) unless stated otherwise

  Characteristics                                                                      Education on importance of glasses (n=1648)   No education (n=1529)
  ------------------------------------------------------------------------------------ --------------------------------------------- -----------------------
  **Individual level**                                                                                                               
  Mean (SD) age (years)                                                                10.5 (1.1)                                    10.5 (1.1)
  Male sex                                                                             794 (48.2)                                    760 (49.7)
  Gansu residence                                                                      624 (37.9)                                    534 (34.9)
  Wearing glasses at baseline\*                                                        221 (13.4)                                    242 (15.8)
  Aware of having refractive error at baseline                                         744 (45.1)                                    731 (47.8)
  Believes wearing glasses harms vision                                                686 (41.6)                                    591 (38.7)
  Refractive error (diopters):                                                                                                       
   ≤−2                                                                                 630 (38.2)                                    585 (38.3)
   ≥−2 to −0.5                                                                         915 (55.5)                                    859 (56.2)
   ≥−0.5 to 0.5                                                                        27 (1.6)                                      18 (1.2)
   ≥0.5                                                                                76 (4.6)                                      67 (4.4)
  Uncorrected visual acuity \<6/18, in eye with better vision                          936 (56.8)                                    877 (57.4)
  One or both parents with ≥12 years of education†                                     338 (20.6)                                    311 (20.4)
  Family wealth‡:                                                                                                                    
   Bottom third                                                                        555 (33.7)                                    497 (32.5)
   Middle third                                                                        560 (34.0)                                    496 (32.5)
   Top third                                                                           532 (32.3)                                    534 (35.0)
  Boarding at school                                                                   379 (23.0)                                    325 (21.3)
  Both parents out-migrated for work§                                                  172 (10.5)                                    155 (10.1)
  **Cluster level**                                                                                                                  
  Grade level (mean No/cluster (SD)):                                                                                                
   Fourth grade                                                                        5.3 (4.1)                                     4.8 (3.9)
   Fifth grade                                                                         7.8 (4.9)                                     7.5 (4.9)
  Uncorrected visual acuity \<6/18, in eye with better vision (mean No/cluster (SD))   7.4 (5.5)                                     7.0 (5.2)

\*Defined as having glasses at school at baseline, having previously been told to bring them to school.

†Data missing for seven students.

‡Data missing for three students.

§Data missing for eight students.

In the 251 schools, intention to treat analyses were performed on all 1036 children in the control group, 988 in the voucher group, and 1153 in the free glasses group. Among 123 missing children, 26 (21%) were at home the day of follow-up, 90 (73%) had transferred to other schools, and 7 (6%) had withdrawn from school. Children with follow-up did not differ in any baseline variables from those without follow-up (data not shown).

All eligible children would benefit from glasses, but only 15% wore them at baseline. At closeout the wear of glasses was 41% (observed) and 68% (self reported) in the free glasses group and 26% (observed) and 37% (self reported) among controls.

Table 3[](#tbl3){ref-type="table"} gives the baseline, endline, and change in the mathematics score by study group. Intention to treat analyses showed a significant difference in endline score adjusted for baseline score of 0.11 SD (95% confidence interval 0.01 to 0.21, P=0.03) for the free glasses group and 0.04 (−0.05 to 0.14, P=0.35) for the voucher group compared with controls. The unadjusted intraclass correlation coefficient for endline math score was 0.12; adjusted for baseline scores it was 0.07.

###### 

 Effect of treatment arms on endline standardized mathematics score, controlling for baseline score

  Intervention groups          No     Mean (SD) score   Unadjusted change in score (95% CI)   Adjusted\* difference (95% CI) in endline score *v* control group   
  ---------------------------- ------ ----------------- ------------------------------------- ------------------------------------------------------------------- -----------------------
  Total                        3177   0.22 (0.99)       0.34 (0.99)                           0.13 (0.08 to 0.17)                                                 
  Control                      1036   0.23 (1.01)       0.29 (1.00)                           0.07 (−0.0002 to 0.14)                                              (reference)
  Voucher                      988    0.14 (0.98)       0.29 (0.98)                           0.15 (0.08 to 0.21)                                                 0.04 (−0.05 to 0.14)
  Free glasses                 1153   0.28 (0.98)       0.43 (0.97)                           0.16 (0.07 to 0.24)                                                 0.11 (0.01 to 0.21)
  No education                 1529   0.15 (1.00)       0.31 (1.01)                           0.16 (0.10 to 0.22)                                                 (reference)
  Education                    1648   0.27 (0.97)       0.37 (0.96)                           0.10 (0.04 to 0.16)                                                 −0.01 (−0.09 to 0.07)
  Control: no education        510    0.21 (1.04)       0.27 (1.05)                           0.06 (−0.04 to 0.16)                                                (reference)
  Control: education           526    0.24 (0.98)       0.32 (0.95)                           0.08 (−0.02 to 0.17)                                                0.03 (−0.12 to 0.17)
  Voucher: no education        492    0.08 (0.97)       0.29 (0.97)                           0.21 (0.12 to 0.30)                                                 0.10 (−0.03 to 0.23)
  Voucher: education           496    0.19 (0.98)       0.28 (1.00)                           0.09 (−0.01 to 0.19)                                                0.02 (−0.12 to 0.16)
  Free glasses: no education   527    0.17 (0.99)       0.37 (1.00)                           0.19 (0.07 to 0.32)                                                 0.12 (−0.03 to 0.27)
  Free glasses: education      626    0.37 (0.95)       0.49 (0.94)                           0.12 (0.01 to 0.24)                                                 0.13 (−0.01 to 0.27)

Linear regression using endline math score as dependent variable.

\*Adjusted for baseline score.

In intention to treat models adjusting for baseline math score, allocation to the free glasses group, younger age, residence in Shaanxi, and parental education were significantly associated with higher endline math score. Allocation to the voucher group, sex, refractive error, family wealth, boarding at school, and parental migration for work were unassociated with endline score (table 4[](#tbl4){ref-type="table"}). In the full multiple model, baseline score, allocation to the free glasses group (0.10 SD, 95% confidence interval 0.002 to 0.19, P=0.04), younger age, and residence in Shaanxi remained associated with endline score (table 4). This difference between groups in testing was statistically significant but smaller than the 0.20 SD prespecified difference that the study was powered to detect.

###### 

 Linear regression model of potential predictors of endline math score

  Characteristics                                     Model adjusted for baseline math score (n=3177)             Full model† (n=3169)                            
  --------------------------------------------------- ------------------------------------------------- --------- ---------------------- ------------------------ ---------
  Baseline standardized mathematics score (SD)        0.59 (0.57 to 0.62)                               \<0.001                          0.56 (0.53 to 0.59)      \<0.001
  Intervention group (control group as reference)                                                                                                                 
   Voucher                                            0.04 (−0.05 to 0.14)                              0.35                             0.04 (−0.05 to 0.13)     0.42
   Free glasses                                       0.11 (0.01 to 0.21)                               0.03                             0.10 (0.002 to 0.19)     0.04
  Age (years)                                         −0.14 (−0.17 to −0.11)                            \<0.001                          −0.14 (−0.17 to −0.11)   \<0.001
  Male sex                                            −0.02 (−0.07 to 0.04)                             0.58                             ---                      ---
  Wearing glasses at baseline                         0.05 (−0.03 to 0.12)                              0.25                             ---                      ---
  Gansu residence                                     −0.17 (−0.25 to −0.08)                            \<0.001                          −0.13 (−0.22 to −0.04)   0.003
  Refractive error (≥−0.5 D to 0.5 D as reference):                                                                                                               
   ≤−2 D                                              0.14 (−0.16 to 0.43)                              0.37                             ---                      ---
   −2 D to −0.5 D                                     0.10 (−0.21 to 0.40)                              0.54                             ---                      ---
   ≥0.5 D                                             0.12 (−0.19 to 0.43)                              0.45                             ---                      ---
  One or both parents with ≥12 years of education‡    0.07 (0.008 to 0.13)                              0.03                             0.03 (−0.04 to 0.09)     0.40
  Family wealth (poorest third as reference)§:                                                                                                                    
   Middle third                                       0.06 (−0.01 to 0.13)                              0.11                             0.03 (−0.04 to 0.10)     0.38
   Top third                                          0.07 (0.001 to 0.14)                              0.05                             0.01 (−0.06 to 0.08)     0.83
  Boarding at school                                  0.05 (−0.03 to 0.14)                              0.20                             0.03 (−0.05 to 0.11)     0.49
  Both parents out-migrated for work¶                 0.02 (−0.07 to 0.11)                              0.68                             ---                      ---

D=diopter.

\*Except for regression coefficient for baseline math score (simple regression), coefficients for different variables are for multiple models with endline math score as dependent variable, adjusted for baseline math score.

†Including variables associated with endline math score P\<0.20 in model also including baseline math score.

‡Data missing for seven students.

§Data missing for three students.

¶Data missing for eight students.

In a post hoc exploratory analysis stratifying by classroom black board use, effect size was larger for children in classrooms where blackboards were utilized more regularly: among 156 (4.9%) children in classrooms where the blackboard was used for all teaching, the free glasses group scored 0.45 SD (0.11 to 0.80, P=0.01) higher than controls, among 982 (31.0%) children using the blackboard for most or all teaching, the free glasses group scored 0.23 SD (0.04 to 0.42, P=0.02) higher than controls, among 2181 (68.8%) children using the blackboard half or more of the time the difference was 0.14 SD (0.03 to 0.26, P=0.01), and among 988 (31.2%) children receiving little or no blackboard teaching, the difference was −0.01 (−0.17 to 0.14, P=0.87).

Table 5[](#tbl5){ref-type="table"} shows baseline and endline observed and self reported glasses wear among children in the trial. The provision of both free glasses and vouchers increased the wearing of glasses compared with controls, as measured by both observed and self reported wear. The educational intervention increased self reported but not observed wear (table 5). No interaction was found between the glasses and education interventions on either outcome. Results of analyses using multiple imputation were very similar to results of analyses using only participants with complete data (data not shown).

###### 

 Effect of treatment arms on directly observed (primary outcome) and self reported (secondary outcome) glasses use at endline. Values are numbers (percentages) unless stated otherwise

  Intervention groups          No     Wearing glasses at baseline\*   Observation of wear†                         Self reported wear‡                                        
  ---------------------------- ------ ------------------------------- ---------------------- --------------------- --------------------- -- ----------- --------------------- ---------------------
  Total                        3177   463 (15)                        1096 (34)                                                             1803 (57)                         
  Control                      1036   144 (14)                        266 (26)               1 (reference)         1 (reference)            386 (37)    1 (reference)         1 (reference)
  Voucher                      988    138 (14)                        361 (37)               1.42 (1.16 to 1.73)   1.44 (1.19 to 1.76)      627 (63)    1.70 (1.49 to 1.94)   1.72 (1.51 to 1.96)
  Free glasses                 1153   181 (16)                        469 (41)               1.54 (1.28 to 1.85)   1.55 (1.30 to 1.85)      790 (68)    1.81 (1.60 to 2.05)   1.81 (1.61 to 2.04)
  No education                 1529   242 (16)                        508 (33)               1 (reference)         1 (reference)            818 (53)    1 (reference)         1 (reference)
  Education                    1648   221 (13)                        588 (36)               1.11 (0.95 to 1.31)   1.11 (0.94 to 1.30)      986 (60)    1.14 (1.03 to 1.26)   1.13 (1.02 to 1.25)
  Control: no education        510    85 (17)                         129 (25)               1 (reference)         1 (reference)            178 (35)    1 (reference)         1 (reference)
  Control: education           526    59 (11)                         137 (26)               1.11 (0.84 to 1.47)   1.08 (0.82 to 1.42)      209 (40)    1.18 (0.94 to 1.49)   1.17 (0.94 to 1.46)
  Voucher: no education        492    76 (15)                         185 (38)               1.51 (1.17 to 1.95)   1.51 (1.16 to 1.96)      301 (61)    1.77 (1.47 to 2.14)   1.78 (1.48 to 2.14)
  Voucher: education           496    62 (13)                         176 (35)               1.48 (1.08 to 2.03)   1.50 (1.10 to 2.03)      326 (66)    1.94 (1.60 to 2.36)   1.95 (1.62 to 2.36)
  Free glasses: no education   527    81 (15)                         194 (37)               1.48 (1.13 to 1.92)   1.46(1.13 to 1.89)       339 (64)    1.86 (1.55 to 2.23)   1.86 (1.56 to 2.21)
  Free glasses: education      626    100 (16)                        275 (44)               1.75 (1.35 to 2.27)   1.74 (1.35 to 2.23)      451 (72)    2.08 (1.74 to 2.48)   2.06 (1.73 to 2.44)

\*Defined as having glasses to hand at baseline, having previously been told to bring them to school.

†Defined as wearing glasses during an unannounced examination.

‡Defined as self report of "wearing glasses for study" or "always wearing glasses."

§Adjusted for baseline wear.

¶Including variables associated with observed wear (P\<0.20) in model including baseline wear (data not shown): age (years), aware of having refractive error at baseline, refractive error, visual acuity \<6/18 (eye with better vision).

\*\*Including variables associated with self reported wear (P\<0.20) in model including baseline wear (data not shown): aware of having refractive error at baseline, refractive error, visual acuity \<6/18 (eye with better vision), baseline standardized math score.

Discussion
==========

In this trial, a statistically significant impact on math test scores was found by intention to treat analysis among Chinese children randomized to receive free glasses, although this difference between groups was smaller than the prespecified difference that the study was powered to detect. This effect size was also smaller than the difference between the voucher and free glasses groups at baseline (0.14 SD). The observed effect size of 0.11 SD is the equivalent of approximately half a semester of additional learning, based on a previous report[@ref27] that average annual gains for students between the fourth and fifth grades was 0.4 SD. Allocation to the free glasses group had a greater effect on math test scores than either parental education or family wealth and was similar to the effect of residence in middle income Shaanxi compared with much lower income Gansu. The fact that effect size increased with increasing classroom blackboard use (a post hoc analysis) adds biological plausibility, as reliance on blackboards created greater demands on distance vision for myopic children.

The voucher intervention was explored because vouchers are logistically easier to implement than school based distribution of glasses. We speculate that the non-significant effect on test scores in the voucher group was due to the combined influence of slightly lower rates of glasses wear in the voucher compared with free glasses group, and slightly shorter opportunity for glasses wear to affect learning in the voucher group owing to the logistics of securing spectacles (although 85% of families did redeem their vouchers in the first three weeks after receiving them).

We observed a statistically significant impact of providing glasses on academic performance even though compliance with wear was imperfect. New approaches to encourage the use of glasses may increase academic benefits of providing glasses. In a separate trial we are studying teacher incentives to promote the use of glasses in the classroom.

Strengths and limitations of this study
---------------------------------------

Strengths of this study include population based sampling, a randomized controlled design, and high participation and follow-up rates, all of which increase confidence in the findings. However, all schools were in rural northwest China, which limits external validity with reference to other populations. Other weaknesses include that is was not practical to mask the participants. Compliance with glasses was imperfect, and we did not assess the day to day use of glasses, making it difficult to accurately gauge effect size among children with the most regular wear.

Two of our inclusion criteria, enrolling children already wearing glasses (n=463, 15.0%) and those with poor vision in only one eye (n=402, 12.7%), might have decreased the effect size. We included (and re-refracted) children who already wore glasses in view of reports of the poor quality of glasses in rural China.[@ref28] Excluding these groups did not change our results (data not shown).

Comparison with other studies
-----------------------------

We searched the PubMed database in January 2014 for articles in any language published since 1970, using the terms "correction" cross indexed with "refractive error" and "myopia"; "school," "educational," and "academic"; and "impact," "outcomes," and "performance." Some uncontrolled studies have reported lower achievement scores among children with uncorrected, mostly hyperopic, refractive error,[@ref3] [@ref4] [@ref5] [@ref6] though a Singapore study of predominantly myopic children found no association between distance visual acuity and later academic performance.[@ref29] We found no randomized trials dealing with the impact of correcting refractive error on school performance, nor did a recent systematic review.[@ref16]

A recent unpublished review (Improving learning in primary schools of developing countries: a meta-analysis of randomized experiments <http://academics.wellesley.edu/Economics/mcewan/PDF/meta.pdf>, accessed 17 January 2014) of randomized trials with educational outcomes in primary schools in the developing world listed 60 health related trials, including 22 of deworming, with a mean effect size of 0.013 SD, and 38 of nutritional or micronutrient supplementation, with a mean effect size of 0.035 SD. It would seem that the effect size on education outcomes with the provision of glasses in this study compares favorably with that of other health related interventions.

Conclusions and policy implications
-----------------------------------

Myopia is common among rural Chinese children and increases with age.[@ref14] Even in these relatively young children, 1 in 6 (15.9%) had poor vision due to refractive error. Only 15% of these children who needed glasses had them, and the number using glasses could be nearly doubled by providing them free compared with giving a prescription (table 4). Data from our baseline survey showed that among children who owned glasses the median price paid was approximately \$60. This represents nearly half the monthly income for rural families in China, \$130 in 2012.[@ref30] While cost is a major barrier for families in obtaining glasses, high quality spectacles can be purchased in bulk for less than \$5, which would make them affordable for government programs. In fact, as a result of this project, pilot programs have now started in Shaanxi and Gansu Provinces to provide free glasses to children, with the possibility of expansion if successful.

China's rural health insurance system (the New Cooperative Medical Scheme) covered 96% of rural dwellers by 2011,[@ref31] and has begun experimenting in limited areas with providing free glasses. Results of our trial suggest this inexpensive intervention can increase academic outcomes to a statistically significant extent. The amount of the effect on testing outcomes was less than the prespecified size our study was designed to detect, but is greater in classrooms where blackboards are used extensively.

As an important reason for non-wear of glasses in China is the widespread perception that wearing glasses can harm children's vision,[@ref13] [@ref32] we will present data in a separate paper on the effect of providing glasses on one year change in uncorrected visual acuity.

### What is already known on this topic

1.  Studies have shown that reading can be improved in children after refractive correction of hyperopia but the impact of myopia (near sightedness) on classroom learning is not well understood

2.  Higher scholastic achievement may increase the risk of myopia, so the direction of cause and effect between myopia and school attainment is not clear

3.  No randomized trials have assessed the impact of myopia on academic achievement or determined the direction of any cause and effect

### What this study adds

1.  By intention to treat analysis, children randomized to receive glasses over a school year had statistically significantly higher scores on a mathematics test than control children, though the observed disparity was smaller than the prespecified difference that the study was powered to detect

2.  These effects were seen despite the fact that many children randomized to receive glasses did not wear them, and spectacle wear increased even among control children as a result of our study activities

3.  Effect size increased with increasing blackboard use during teaching. This is biologically plausible owing to greater demands on distance vision in myopic children, and of practical importance in areas such as rural China where blackboards are widely used because of lack of money for textbooks
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